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Abstract 
In this study, the hedonic pricing model, demonstrating the relationship between residential properties and 
housing rentals and based on revealed preference, has been estimated by the spatial quantile regression method. 
The data set collected for each housing rental consists of cross-sectional data of the variables such as housing 
size, number of bathrooms, housing age, distance dummies etc. Additionally, spatial factor providing to measure 
the direction and intensity of the externality and interaction between locations, have also been added to the 
model. The findings show that the spatial effect is a statistically significant and it has a positive impact on 
housing rental prices. Proximity to the Trans European Motorway has a diminishing effect on housing rents 
while housing size, multiple bathrooms, appliances and security presence, ease of access to an important means 
of transport such as metro increase them. Although housing and heating type are the factors that could affect 
housing prices, a remarkable point is that these two factors is not effective on housing rents. The results of the 
study provide important clues about the functioning of the real estate market in Istanbul.       
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1. Introduction 
The housing market is a market consisting of heterogeneous products due to having housing with different 
properties. Housing is one of the heterogeneous goods according to their location and their structural, 
environmental and neighborhood characteristics. In order to analyze the complex relationship between prices of 
heterogeneous goods such as housing and their features 'Hedonic Pricing Approach' has been developed.  The 
hedonic price approach is a valuation technique based on revealed preferences. The relationship between house 
prices and properties, in recent years, is analyzed with models assuming that also the spatial dependence vary 
according to locations and also taking into account the impact of this dependence. Applied to housing market 
which has in particular, micro-economic and macro-economically significant effects,  housing hedonic pricing 
studies in the literature hold large. 
In this study, the magnitude and direction of the spatial dependence was tried to present by including 
the spatial factor in the hedonic pricing model. This dependence can be positive, negative or neutral. In case of 
positive dependence, adjacent locations are very similar to one another in terms of housing rents and thus 
positive externalities are involved in the analysis. While in case of negative dependence reverse situation is 
concerned and finally neutral dependence refers to the spatial independence. The spatial dependence is very 
important factors to make accurate predictions and the right policies in the presence of spatial effects in data. In 
case of the presence of spatial effects, because of observation independence assumption which is violated, OLS 
estimator does not provide the desired properties (Zhukov, 2010). There are two factors that give rise to the 
spatial dependence when analyzing the housing market. These ones; the existence of interaction between 
different spaces and the error in the model specification. It is very important to accurately identify the cause of 
the spatial dependence because it plays a major role in the selection of the correct spatial model (LeGallo, 2002). 
The purpose of this study is to examine the directions and magnitudes of the relationship between 
housing rental prices and residential properties and of the interaction between the adjacent residential rents at the 
different rent levels in Istanbul which is the largest real estate market of Turkey. As a first step in the study, with 
the idea that the factors which affect housing rents vary in different rent levels, quantile regression model 
estimates are made. Quantile regression allows us to examine more comprehensive pictures for different house 
rental prices. This regression has the potential of generating different responses in the dependent variable at 
different quantiles. Later by adding also the spatial factor in the model, the spatial quantile regression model was 
estimated by the two-stage regression quantile (2SQR), method. This method solves the endogeneity problem 
revealed in the model with the addition of spatial factor. It also  provides more effective results when working 
with large sample. In the second part of the study, after introduction, the hedonic pricing studies made in recent 
years in the literature were examined. In the third and fourth parts, respectively, the spatial quantile regression 
model being the method of the study and data used in the model are presented. In the last part, the model results 
are evaluated. 
 
2. Earlier Studies 
Based on the 1920s, 'Hedonic Pricing Approach' is an approach also used in the evaluation of housing market 
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that keeps an important place in the economy and which preserves his actuality. Therefore, there are many 
studies that analyze the relationship between housing prices and housing characteristics using different 
econometric methods. In recent years, the quantile regression model that provides robust estimates against 
frequently encountered problems (such as heteroscedasticity, outliers etc.) in the analysis of housing prices, is 
used very often. Understanding the importance of the spatial effect in housing prices, increased interest in the use 
of the model taking into account this effect. The examination of the spatial dependence via quantile regression 
model is quite new. In Table 1, in particular quantile regression and spatial quantile regression studies and their 
findings are summarized. 
Table 1. Earlier Studies 
 
 
3. The Spatial Quantile Regression: 
The spatial regression models are those that use spatial effect as a source of information when are concerned 
these effects in the data. Sample data is understood to have a spatial component status when called spatial effects. 
Events in a location can affect the conditions elsewhere with tools such as goods, people, capital and spatial 
externalities and this interaction constitutes the source of the spatial dependence. Moreover, also the wrong 
determination of the model and the measurement error situation arises spatial dependence. In determining the 
spatial interaction between observations and modeling, the spatial weight matrix has an important role. These 
matrices are used for the quantification of the relationship between locations. Explicitly the weight matrix, 
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j positions. In this context, the most commonly used matrices are the neighborhood and distance matrices. First, 
matrix elements has binary values (0 and 1) according to the neighborhood state of the current position. 
Afterward, matrix elements of each row are normalized by dividing them with the sum of the corresponding line 
and as such are included in the analysis (LeGallo, 2002). 
Depending on the cause of the spatial dependence, various spatial models are available. In this study, 
the spatial lag model will be described in order to analyze the presence of spatial interaction between locations 
and its power. The spatial lag model, 
y = ρWy + Xβ +        ~ N (0, ) 
can be represented as this. Where, ρ is spatial autoregressive coefficient, Wy is spatial lag term, X is 
explanatory variables matrix and  is error term vector. The effect of spatial lag term in this model is taken into 
account by adding on the spatially lagged dependent variable at the right-hand side of the model. Otherwise, the 
OLS estimators are biased and standard errors are incorrect (Anselin, 1999). 
In the spatial lag model, when there exist problems such as misspecification due to heteroscedasticity, 
existence of outliers in data, non-normality and other error terms problems and measurement error, it is unable to 
obtain reliable results. Therefore, it is necessary to pass to the quantile regression model which is robust to these 
problems and also renders possible to analyze the conditional distribution of dependent variable. Linear quantile 
regression model,  
y = β (τ) +  (τ)   or    ( y | X) = β ( τ )  
can be represented as this (Koenker and Bassett, 1978). Here;  is explanatory variables matrix, β is 
coefficient vector,   (τ) are error terms and  ( (τ) | x) = 0. 
The linear programming solution of the model, 
[  | + |  - | ]  
can be obtained by solving this expression. The estimated coefficients of quantile regression are not 
sensitive to outliers on the dependent variable.  
The model combining spatial lag regression and quantile regression is called 'the Spatial Quantile 
Regression Model'. In this model, the spatial lag term is added to the quantile regression. This model, 
Y = WY + X  +  
can be presented as this (Pietrzykowski, 2012). Here, τ is the analyzed quantile, X is explanatory 
variables matrix and  (τ) are error terms. WY is endogenous variable.  
To place the spatially lagged dependent variable on the right-hand side of the model leads to the 
endogeneity problem. In this case, two different methods are used to estimate the spatial quantile regression 
model. These ones; 'Two-Stage Quantile Regression (2SQR)' and 'Instrumental Variable Quantile Regression 
(IVQR)' methods. In this study, because of the large sample size, the spatial quantile regression is estimated 
efficiently using two-stage quantile regression method proposed by Kim and Muller (2004). Firstly, for each τ 
values, WY's quantile regression is estimated where instrumental variables such as X and WX are used as 
explanatory variables .In this way,  (τ) values are obtained. Secondly, for the same τ value, other quantile 
regression is estimated. In this stage, the dependent variable is Y and X ,  (τ) are explanatory variables. 
 
4. Data and Variables 
In this study, based on the sample selected from 39
1
 districts, 504
2
 rental housing which represent Istanbul real 
estate market through March-April 2014 period, the effects of the characteristics of rental housing on rental 
housing prices has been investigated using quantile regression and spatial quantile regression models according 
to the hedonic pricing approach. The most important reason to examine Istanbul residential market in this study 
is due to the fact that Istanbul is the Turkey's largest real estate market. In addition, apart from the thousands of 
years of history and its historical structure, Istanbul provides geographically significant advantages in terms of 
international transportation and is a city attracting domestic and foreign migration by reason of linking Asia with 
Europe continent.  
Considering the empirical studies in the literature, the residential properties that affect housing prices 
even vary by cities, countries, regions and housing characteristics are usually seen to be divided into structural 
features (housing age, square meter etc.), spatial characteristics (proximity to shopping center, hospital, subway, 
                                                          
1 Data were obtained from 'www.sahibinden.com' 
2 Sample size (n) was calculated by this formula:  , here N: population size, Z: normal distribution 
critical value at the (1-α) confidence level, d: significance level, p: the probability of  preferring rental housing, q= the probability of  not 
preferring rental  housing. 
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etc.) and neighborhood characteristics (crime rates etc.)  
In our study, most of the major residential properties used in the literature are discussed but only the 
explanatory variables which were found significant in the estimated models are shown in Table 2. Upon 
analyzing the table, it is understood that structural and spatial features have an impact on rental housing prices.  
Table 2. Variable Definitions 
 
 
5.Estimation Results 
In the study, the regression quantile estimates were made to examine the relationship between rental housing 
prices and housing characteristics in the Istanbul Real Estate Market, and then the estimates were made with the 
spatial quantile regression to investigate the presence of the spatial effect and the spatial dependence. In the 
study, the models are estimated by taking nine different quantiles (τ = 0.10, 0.20, ..., 0.90) into consideration and 
both quantile effects and spatial effects are analyzed together. Logarithmic linear equation form is used as the 
most convenient functional form of the hedonic price model in both quantile and spatial quantile regression 
estimates.  
Based on the hedonic price approach, the quantile regression model is estimated as follows: 
(ln(p)|X) = X  +  
where p is the rental housing prices and X is the matrix of housing characteristics. τ is the quantile 
being analyzed. Following Liao and Wang (2010), The Spatial Quantile Regression is estimated as follows: 
ln(p) =  W(ln(p)) + X  +  
where p is the rental price, W(ln(p))  is the spatially lagged endogenous variable, X is the housing 
characteristics variable matrix  and  τ represents quantile in which parameters are estimated
1
.The estimation 
results of the quantile regression are given in Table 3. 
 
                                                          
1 Weight matrix for spatial model estimation is calculated according to the k-nearest neighbor criteria based on the Euclidean 
distances.  Spatial effect is included in the model by using appropriate weight matrix. 
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Table 3. Quantile Regression Model Estimation Results (between 0.1-0.9) 
 
According to Table 3., the estimated quantile regression coefficients for the variables generally vary 
across the distribution regarding the size but not regarding the signs. A glance at the quantile regression 
estimates reveals that all coefficients are statistically significant. while the housing size ( )  has similar 
positive effects on logaritmic housing rents in the middle quantiles, this effect increases toward the high 
quantiles and  while the impact of the housing age on rental housing prices is expected to be negative, shows in 
contrast a significant positive impact on the very high rental priced housing close to the Bosphorus. In this region, 
due to the construction ban except for restoration activities, there are quite high aged housings and it is believed 
that this situation causes the positive effect. While not to have more than one bathroom in housing has a 
decreasing effect on housing rental prices in all segments of society this negative effect was decreased when the 
only bathroom is a Jacuzzi. While the proximity to an important transport as subway which facilitates and 
shortens transportation have a positive effect on rental prices, the proximity to the Trans European Motorway 
(TEM), especially in middle and high quantiles, decreases housing rents much more than the lowest quantiles 
due to environmental factors such as air and noise pollution. The existence of white goods in rental housing has a 
increasing effect on rental prices as expected due to reducing the financial burden on tenants. The fact that 
housing is protected by security guards makes a larger positive impact especially at the segments of society 
having welfare which attracts the attention of thieves. 
The spatial quantile regression estimation results are presented in Table 4. In all quantiles, according to 
the 0.01 significance level, the spatial dependence coefficients are seen to be statistically significant. These 
results also indicate that the spatial effect exists in the model. The dependence between rental prices as a result 
of neighborhood effect are taken into account via this model. It is seen that the coefficients from the spatial 
quantile regression are obtained according to the economic expectations. 
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Table 4. Spatial Quantile Regression Model Estimation Results (between 0.1-0.9) 
 
The estimated spatial quantile coefficients show differences in variables along the conditional price 
distribution regarding the size. In the 10th quantile, the spatial effect is statistically significant as in the other 
quantiles. Accordingly, current location and neigbouring locations house rents have been determined to be 
related ie spatial weighted average of house rents in the neigbouring locations  affects current location house 
rents in the same direction because of the positive sign. This positive impact is greater in high quantiles. As seen 
from the spatial coefficient, because of the high interaction between the housing rents in these areas having 
welfare, rent increases influence each other very quickly and consist almost a multiplier effect. The fact that this 
effect is higher in these segments of society which have a higher socio-cultural level than others, shows that all 
kinds of positive activities in the region such as luxury building construction, public activities of municipalities 
effect very quickly the rents in the relevant area. This rapid effect show that the rents in the area never drops 
below a certain level, therefore only the person who captures a certain income level is no difficulty in finding 
rental housing. 
In the 10th quantile, the coefficients of the variables are statistically significant except  TEM. Bathroom 
has the biggest reducing effect in this quantile among others and the other variables have increasing effects on 
housing rents. Up to the 10th quantile except 90th, all variables are statistically significant. Bathroom and TEM 
have reducing effect on the house rents while others have increasing effects. This situation shows that houses 
with more than one bathroom are preferred frequently in all segments of the population. The houses near TEM 
have lower rent due to air and noise pollution. White goods, has the most important effect especially in the 
middle quantiles where exist people with low income after paying the rent. Security is more important as 
expected in the higher quantiles because the houses where rich people live are more attractive to thieves. In the 
90th quantile, the spatial effect is the biggest one among others because the population in the current location 
(district etc.) is more homogeneous than others in both economic and socio-cultural aspects.   
When looking at both quantile regression and spatial quantile regression model coefficients, in the 
spatial quantile regression model where the spatial effect is taken into account, the effects of the coefficient 
magnitudes belonging to almost all residential properties for all quantiles has decreased according to the quantile 
regression coefficients. 
 
5. Conclusion 
Istanbul is a city in Turkey's central location and for this reason there is much migration from other regions. The 
fact that Istanbul is the financial and business center has a very significant effect on rapid increase in the 
population. Given that people's one of the basic needs is housing need, for rapidly growing population, housing 
are made in different styles that appeal to different segments. Therefore, an overview of the analysis of the 
Istanbul residential market can not capture the differences between locations and the different segments of  the 
society. Therefore in the study, beside the quantile regression, the spatial quantile regression model, where these 
differences may be demonstrated, is also used. Thus, the spatial effects and spatial dependence are taken into 
account and are allowed to estimate the  coefficient where  the spatial effect can be seen.  
In our study, considering the spatial dependence, it was found that a reducing effect of same housing 
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characteristics on housing rents occurs and that the inclusion of the spatial effect in the model has a reducing 
effect on the coefficients magnitudes. The spatial effect seems to be significant and has a positive effect on all 
rental housing prices. In this case, it is realized that there is a positive externality between neighboring locations 
and that this effect exists mostly in the best part of society as socio-economic situation. Also this conspicuous 
homogeneity in the relevant locations is a result of rapid interaction from past to present. In the locations where 
judge an improved economic and socio-cultural structure, this homogeneity make also a significant impact on 
the housing rent and it is becoming almost impossible to find rental housing in these segments below a certain 
rental price level due to the rapid interaction. Therefore, to make real estate investments in these regions is quite 
a profitable business because a powerful and fast realization of the positive externalities is adding value to these  
regions of Istanbul.  
The size of housing has an increasing impact on housing rents. Only one bathroom in the housing, has a 
diminishing effect on rental housing prices. This effect is stronger in less developed parts of society where larger 
families are living. Having more than one bathroom in housing and Jacuzzi among them, has an enhancing effect 
on rental housing prices. The presence of white goods, has a larger increasing effect on rental housing prices in 
the middle part of the society. The importance of the presence of security services, is increasing towards more 
developed areas in terms of social welfare. If the richer sections of society are considered to be more attractive 
for thieves, this result also is in line with expectations. Moreover, the housing proximity to the highway has a 
negative impact on housing rents. The noise and air pollution are considered to be important factors in this effect. 
The proximity to the metro that provides convenience in terms of both speed and comfort in urban transport has 
an increasing impact on housing rents. Despite the fact that housing type and heating type are significant factors 
on housing prices, insignificance of these effects on housing rents, can be explained by staying temporarily in 
rental housing and being able to move on to another rental housing at any time ie by  the ease of mobility.  
There seems to be a significant impact of spatial and neighborhood characteristics on rental housing 
prices, when the results are evaluated in general in the Istanbul housing market. In addition, housing size and 
number of bathrooms were found to be important factors for all segments of society. The presence of white 
goods in rental housing is among the factors that influence rental prices positively. People want to buy few items 
as possible for rental housing where they won't live permanently because it is easier to carry the few belongings 
when moving to another location. In today's metropolises, to be quite close to the metro is very important due to 
facilitating access to all sections of the community. For all these reasons, rental housings having more living area 
( ), multiple bathrooms, being furnished and close to the means of transport will have higher rental prices and 
the neighbors' rental housing prices will be affected more or less in different parts of the rent increase due to the 
positive externalities.  
Due to the fact that the fluctuations in the Turkey real estate market are influenced largely by the 
Istanbul real estate market, the findings from this study can provide information's for the correct implementation 
of housing policies for this market. This is a fact that the policies which can be applied for the Istanbul real estate 
market, will affect also the fluctuations of the housing markets in other regions. 
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